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Abstract 
In this paper, a hierarchical economic evaluation index system for distribution network is established. The various 
indicators of the distribution network and the correlation between the distribution network in order to form is 
proposed. Substructure discovery algorithm is used to. To avoid falling into local optimum, efficient global search 
capability of particle swarm is applied to substructure algorithm optimization. Finally, an example demonstrates the 
reasonablity and effectivity of the substructure found algorithm applied into distribution network economic 
evaluation. Optimization speed with particle swarm algorithm is fast. This study have practical significance to 
network planning. 
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1 INTRODUCTION
Under the new power regime, in order to fully grasp the operation of distribution network, evaluate the 
economics of the operation of distribution network with correct evaluated system is needed. The purpose 
is to find the main factors effecting the economic operation of distribution network and propose the loss 
reduction reform measures to improve the distribution network operation economy. Related documents at 
home and abroad on research and evaluation to electric network focused on grid reliability evaluation and 
the evaluation method [1-5]. But the basis for the evaluation of the grid, such as economic evaluation index 
system study does not much see. 
In this paper, a hierarchical economic evaluation index system for distribution network is established. 
There are some associations between factors in the establishment of index system, that is significant 
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intersection with impact on the grid. The various indicators of the distribution network and the correlation 
between the distribution network in order to form is proposed. Substructure discovery algorithm is used to 
data mining. To avoid falling into local optimum, efficient global search capability of particle swarm 
algorithm is applied to substructure algorithm optimization. Finally, an example tests the rationality of the 
evaluation model and effectiveness. 
2. ESTABLISH OF ECONOMIC EVALUATION INDEX SYSTEM TO DISTRIBUTION 
NETWORK 
According to the related technologies and procedures in construction and transformation of distribution 
network, by containing lots of useful information with research and comparison analyzing this 
information, a better scientific and reasonable index system to the economic operation evaluation of the 
distribution network is established. 
In order to reflect the economic operation of distribution network comprehensive and truly with the 
assess indexes, the economic operation hierarchical evaluation to the distribution network is established 
strictly with setting principles[6] in this paper. It gives attention to the reliability of distribution networks. 
The index system is shown in Figure 1. 
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Fig 1 index system of power system network evaluation 
The index system includes 3 arterial indexes and 11 secondary indexes. There have conjunctions 
between the two level indexes. 
3. SUBSTRUCTURE DISCOVERY ALGORITHM WITH PSO 
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3.1 The substructure discovery algorithm 
Substructure discovery[7-10] is to find meaningful and repeated sub-picture section in the confused 
graph data. Graph data structure is a common representation. Substructure refers to graph data to all 
connected with each other subgraph isomorphic structure. 
The object is represented with the node and the relationship between nodes and edges with labels. 
There are labels to nodes and edges in order to make a distinction. Figure 2 is a labeled graph, where the 
ellipse represents node, the figure in ellipse for the node number, namely ,, 21 nn , and the x y for 
the node label. The edge is Represented by line section, and a b c d e f for the edge label. 
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Fig 2. A labeled graph 
Figure 2 is a connected graph. Sub-graphs of connected graph are instances of the sub-structure. 
Where ),,( 21 nng indicated that the sub-graphs formed by the nodes ,, 21 nn in a graph. For example, 
)6,5(g and )9,8(g are isomorphic sub-graph. Its public structure is shown in Figure 3. 
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Fig 3. Sub-structure 
The job of substructure discovery algorithm is to do data mining[11,12] in the connected graph from any 
node according to search conditions. If structure of connected graph is complex, the search process will 
be longer, and not traverse all graph data. To make the search faster and avoid falling into local optimum, 
efficient global search capability of particle swarm is applied to substructure algorithm optimization. The 
particle swarm optimization algorithm method has the group search feature and the strong ability of 
global search optimization. 
3.2 Chaotic Ant Colony Algorithm 
In recent years the biologists find that the behavior of individual single ants is chaos. But there must 
exist  certain intrinsic relationships between a single ant's chaos behavior and the whole swarm's 
organization It is a natural selection to adaptation to the environment around. These actions in favour of 
the ants to find food and survival. 
Researchers have proposed one-dimensional chaotic map to describe a single ant chaotic dynamics[8]. 
The ants chaotic dynamics, social organization and optimization theory are combined[9]. Researchers 
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propose the theory based on swarm intelligence optimization methods, namely chaotic ant colony 
algorithm. The specific mathematical models are defined as follows: 
d
i
diidd
niay
d
i
i
bnay
idid
Vnze
iidid
r
ii
V
enznp
e
Vnznz
nyny
5.7
)(2
)1(31
5.7
1
)1()1(
1
1)(
5.7)(
   (8) 
where, Ni ,,2,1 , N for the total number of ants n for current step, 1n for previous step
)(nyi for organization variables and 999.0)0(iy ir for variable factor of the 
thi ant and 
)1,0(ir )(nzid  for d - dimensions state of the 
thi ant and Ld ,,2,1 ; L for dimension of 
optimization space )1(npid for the best location that the 
thi ant and its neighbors find in 
1n step d  is a positive which decides the search scope of )(nzid a is a positive constants, 
good value for 200a b  is a constant and 320 b iV  to the 
thi ant search scope and 
10 iV . 
In the chaotic ant colony algorithm, ir and d are two important parameter. ir influenced in 
convergence speed. If ir is large, search process is too short and the convergence speed is too great, so it 
is difficult to find the best or sub-optimal solution on the contrary, if ir is too small and the 
convergence speed is too slow. If 0ir , the system will always be in chaos state, the search will not put 
to the best or sub-optimal solution. Therefore, usually choose 5.00 ir d impacts the search 
scope. 
4. EXAMPLE RESEARCH OF ECONOMIC EVALUATION TO DISTRIBUTION NETWORK 
4.1 The initial data of distribution network 
This paper analyses economic evaluation to 10 distribution network in Qinhuangdao area. Raw data is 
collected from distribution networks. The value of each evaluation index can be calculated by the 
software. The values are shown in Table.1. 
The first is discretization of the data. After calculating each quartile of all for evaluation index and 
getting the maximum, minimum, we use "low", "Slightly low", "Slightly high" and "high" to represent the 
values on the interval [minimum, the first quartile), [the first quarter median, the second quartile), [the 
second quartile, the third quartile), [the third quartile, maximum]. It’s shown in Table 2. 
Tab. 1 Data of distribution network evaluation indexes  
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*DN--Distribution Network 
Tab 2 Classification processing of evaluation index 
*H High SH—Slightly High L Low SL—Slightly Low 
4.2 Data Mining and Analysis 
Each evaluation index to each distribution network and the link between distribution networks is 
represented as a graph, shown in Figure 4. The evaluation index is for the edge label. The value of 
distribution network under these index values is for the node label. The connection of distribution 
network is represented by the use of adjacent and nonadjacent.  
Substructure discovery algorithm is used for data mining. Because the distribution network indexes 
and the correlation between the distribution networks are expressed with a graph. Thus mining condition 
is expressed by a sub-structure. In Figure 4, choose one node at random and add edges according to 
inherent in the connected graph. The substructure is established. 
Mining conditions is shown in Figure 5(a) and the results is shown in Figure 5(b) below. 
 
transformer 
/% 
area /% /% voltage 
/% 
/% 
DN 1 4128.59 0.75 0.84 0.45 0.78 0.46 0.84 312.46 0.85 17 1.85 
DN 2 4563.66 0.78 0.85 0.35 0.76 0.36 0.85 397.22 0.82 16 1.7 
DN 3 3560.98 0.84 0.88 0.36 0.74 0.38 0.88 285.95 0.83 9 1.9 
DN 4 2350.8 0.82 0.87 0.48 0.72 0.49 0.87 401.40 0.85 16 1.85 
DN 5 4236.75 0.81 0.86 0.75 0.85 0.77 0.86 313.25 0.71 9 1.9 
DN 6 3769.52 0.8 0.85 0.74 0.85 0.78 0.85 355.72 0.8 10 1.9 
DN 7 3985.12 0.79 0.84 0.65 0.85 0.68 0.84 597.64 0.79 17 1.7 
DN 8 2654.98 0.83 0.83 0.56 0.84 0.59 0.83 566.41 0.73 15 1.6 
DN 9 2867.55 0.85 0.82 0.69 0.83 0.71 0.82 427.83 0.85 14 1.7 
DN 10 2985.73 0.82 0.86 0.75 0.84 0.78 0.86 388.17 0.72 16 1.8 
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Figure 4 The economic indexes and the neighboring relations of distribution network  
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(a) Mining condition  (b) Mining result 
Figure 5 Mining condition and the result of mining 
Concluding from Figure 5, the factors with line loss in distribution network includes the following
more high-energy transformer, irrationality choice of wire cross-sectional area, too large reactive power 
flow on line. To address the above problems, we can propose measures to reduce distribution network 
energy loss: 1) Replacing of energy-efficient transformers. 2) Selecting conductor material, type or model 
matching transformer in transforming the power grid to make them consistent with the regional economic 
performance. 3) Optimizing capacitor switch in order to reduce losses. 
Different mining results can be obtained by changing the mining conditions. Thus we can find the 
relationship between indexes in various level and influence factors among distribution networks based on 
different mining conditions during the process of economic evaluation. The results of data mining plays a 
very important role to plan and reconstruction to distribution network. 
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5. CONCLUSION 
In this paper, we research the economic evaluation problems of distribution network operation and 
establish a evaluation index system of distribution network. The evaluation index system is expressed 
with the map data. The substructure discovery algorithm is used to graph data mining based on different 
mining conditions, in order to find the relationship between indexes in various level and influence factors 
among distribution networks. At one time, particle swarm optimization algorithm is used during the 
mining process. Research and the example shows that, the establish of evaluation index is reasonable. The 
substructure discovery algorithm used to analyzing distribution network operation economy is correct. 
Moreover particle swarm optimization can ensure global optimization and convergence rapidly. 
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